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Ann Arbor, Michigan
The purpose of this study was to characterize the incidence and
clinical features of accessory pathway recurrence after initially
successful radiofrequency catheter ablation and to identify varia-
bles correlated with recurrence. Radlofrequeney ablation was
performed with a 7F deflectable tip catheter with t- large (4 om in
length) distal electrode . Left-sided accessory pat' .: ways were ap-
proached through the left ventricle and right-sided pathways by
way of the right atrium. Patients were included in the study if
1) they had an Initially successful procedure, defined as the
absence of accessory pathway conduction immediately after abla
.
tion, and 2) had undergone a 3-month follow-up electrophysiologic
test or had !locnmented recurrence of accessory pathway
conduc-
tion.
Accessory pathway conduction recurred after Initially success-
ful ablation in 16 (12%) of 130 patients
. Almost half (7 of 16) of
these recurrences were in the 1st 12 h after ablation, and the last
occurred after 106 days. Return of delta waves on the electrocar-
diogram (ECG) or spontaneous paroxysmal supraventricular
tachycardia was the initial indication of recurrence in 15 of the 16
patients. Two patients with manifest accessory pathways exhibited
Percutaneous catheter ablation using radiofrequency energy
has become an important option for definitive therapy of
accessory atrioventricutar (AV) connections (1-4) . Although
the procedure appears to be safe and efective, accessory
pathway conduction and supraventricular tachycardia
recur in some patients after apparently successful ablation
(1,2) .
Factors that may predispose to recurrence have not
been defined
. The purpose of this study was to analyze the
incidence and clinical features of accessory pathway recur-
rence and to identify variables correlated with recurrence .
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recurrence with exclusively concealed accessory pathway conduc .
tion.
Accessory pathways ablated from the tricuspid anulus (right
free wall or septa) accessory pathways) had a much higher
recurrence rate (24%) than did those on the mltral anulus (6%) .
Fourteen of 15 patients have had successful repeat accessory
pathway ablation after the initial recurrence. After a mean
follow-up period of 4 ± 3 months, them have been no repeat
recurrences of any of these accessory pathways.
It is concluded that accessory pathway recurrence is infrequent
after successful radiofrequency catheter ablation . Au but one
episode of recurrence was diagnosed clinically, suggesting that
routine follow-up electrephysiotogic testing In asymptomatic pa-
tients is not warranted. Because manifest accessory pathways may
recur with retrograde conduction only, patients with palpitation
after ablation should have electrophysiologic testing even if no
delta waves are seen on the ECG . The success rate of ablation
after recurrence (93%) is comparable to that achieved at the
initial session, suggesting that return of accessory pathway func-
tion should not be a conrrumdication to a repeat attempt .
(J Am Coll Cardtol 1992 ;19:1588-92)
Methods
inclusion criteria . Patients undergoing eadiofrequency
catheter ablation of an extranodal accessory pathway at the
University of Michigan between February 1990 and May
1991 were considered for the study . Subjects were included
only if they had an initially successful ablation, defined as
the absence of evidence of accessory pathway conduction or
supraventricular tachycardia at the conclusion of the proce-
dure
. Patients with recovery of accessory pathway conduc-
tion within 24 to 48 h (before hospital discharge) were
considered to have early recurrence, whereas those in whom
accessory pathway conduction returned after hospital dis-
charge were classified as having had late recurrence .
All patients with initially successful accessory pathway
ablation were requested to returnn after 3 months for
follow-up elerrophysiologic testing . Patients without evi-
dence of accessory pathway conduction at the time of the
3-month follow-up test were compared with patients with
documented recurrence. Fifty-six of the patients in this
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study were included in an earlier study (I) . However . a
detailed analysis of accessory pathway recurrence was not
previously performed .
Study patients. One-hundred eighty-six of 200 patients
undergoing radiofrequency catheter ablation of an accessory
pathway had an initially successful outcome
. Of the 14
patients with an unsuccessful ablation procedure . 2 have had
surgical ablation and the other 12 have been treated with
antiarrhythmic medications
. The 130 patients who returned
for 3-month follow-up electrophysiologic testing or had a
recurrence of accessory pathway conduction form the basis
of this report . Fifty-six of the successfully treated patients
did not return for follow-up testing : although none of these
patients is known to have had a recurrence . the absence of
accessory pathway function has not been confirmed and they
are not included in the analysis .
The mean age (±SD) of the subjects was 35
t 15 years
(range 14 to 74) and 72 were men . The mean duration of
symptomatic supraventricular tachycardia was 12 ± 10 years
and patients had been unsuccessfully treated with or had
been intolerant of a mean of 2 .7 ± 1 .8 antiarrhythmic drugs .
Fifty patients had experienced >25 episodes of tachycardia
in the preceding year .
Electrophysiologic testing and catheter ablation protocol.
Radiofrequency catheter ablation was performed under a
protocol approved by the Human Research Committee at the
University of Michigan after informed written consent was
obtained from all patients . Subjects who had not had previ-
ous invasive electrophysiologic testing had the diagnostic
aad therapeutic procedures combined into a single session .
Surface leads V„ I and III as well as intracardiac elec-
trograms were recorded on a strip chart recorder (Siemens
Mingograf 7) . Anterograde and retrograde conduction and
refractoriness of the AV node and accessory pathway were
measured and the mechanism of the supraventricular tachy-
cardia was defined by using previously described techniques
(1,5) .
The accessory pathway was localized to a general region
of the heart (right free wall, anterior septum, posterior
septum, left posterior or left latemi regieut during the
diagnostic portion of the procedure using the surface elec-
trocardiogram (ECG) (in patients with manifest pre-
excitation) and abbreviated mapping of the tricuspid and
mitral annuli .
Radiofrequency ablation was performed with a 7F de-
flectable tip catheter with 2- or 5-mm interelectrode spacing
and a large (4-mm long) distal electrode (Mansfield/Webster
Laboratories). As previously described (U, the approach
used for ablation for left-sided pathways differed from that
used in septal and right-sided accessory pathways
. Left-
sided accessory pathways were approached through the left
ventricle. The ablation catheter was introduced into the
femoral artery and advanced retrogradely across the aortic
valve . It was then manipulated to the ventricular aspect of
the mitral anulus with the shortest AV (or ventriculoatrial in
the case of concealed accessory pathways) conduction time .
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In contrast, right-sided and septal accessory pathways were
approached from the atrial side of the tricuspid anulus by
way of the inferior vena cava . Bipolar endocardial etectro-
grams were obtained from the distal pair of electrodes at
each ablation site . These were bandpass filtered between
50 and 500 Hz and recorded at a paper speed of 100 to
200 mm/s . Each recording was analyzed for the presence of
an accessory pathway potential . A probable accessory path-
way potential was defined as a deflection distinct from the
atrial and ventricular components of the signal . A possible
accessory pathway potential was defined as a high frequency
deflection that merged with the onset of the local ventricular
electrogram (or the onset of the atrial electrogram during
retrograde conduction). No attempt was made to validate the
presence of accessory pathway potentials with pacing ma-
neuvers.
Radiofrequency energy was supplied by an electrosurgi-
cal unit (Radionics RFG-3B) that delivered continuous,
unmodulaled sinusoidal output at 350 kHz . After the abla-
tion catheter had been manipulated to the target site, a test
application of 20 to 40 W was delivered for 5 to 15 s between
the distal electrode and a large surface area indifferent
electrode positioned on the posterior chest . If the test
application resulted in interruption of accessory pathway
conduction, energy delivery was continued for an additional
20 to 60 s . If there was no effect from the initial application,
the ablation catheter was repositioned
.
Follow-up evaluation . After successful elimination of ac-
cessory pathway conduction . patients were monitored for 15
to 30 min in the electrophysiology laboratory . Patients then
underwent continuous ECG monitoring for 24 to 48 h . Those
with an initially concealed pathway had a repeat electro-
physiologic test before hospital discharge at 48 h to docu-
ment the absence of accessory pathway conduction
. In the
absence of symptoms, patients returned for a follow-up
electrophysiologic test 3 months after the initial procedure
.
Patients who experienced recurrent tachycardia were reeval-
uated as soon as possible .
Analysis of data. Results are expressed as the mean
vain" -_ 1 3D. The rebtion between continuous variables
and recurrence was evaluated by using an unpaired Student
i test ; chi-square analysis was used for discrete variables .
Multivariate stepwise logistic regression was employed to
identify independent predictors of accessory pathway recur-
rence . A p value 250 .05 was considered significant.
Results
Incidence and features of accessory pathway recurrence .
Among the 130 patients included in this study, accessory
pathway conduction returned before hospital discharge in 7
patients (5%) and after initial hospital discharge in 9 patients
(7%) . The mean time to early recurrence was 6 t 5 h and 53
± 39 days for late recurrence (Table 1) . Five of these 16
recurrent accessory pathways were concealed . Six of the
accessory pathways were left-sided, six were right-sided,
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Table 1
. Recurrence of Accessory Pathway Function After Radiofrequency Catheter Ablation
three were arteroseptal and one was located posternsep-
tally . Multiple accessory pathways were present in 4 of the
16 patients.
The initial tannifestation frecurrence was the reappear-
ance of delta waves on the ECG in eight patients and
symptomatic tachycardia in seven
. Only one asymptomatic
patient had return of accessory pathway function diagnosed
at the time of the 3-mouth follow-up electrophysiologic test
.
Two patients with an initially manifest pathway had late
occurrence of orthodromic tachycardia and at subsequent
electrophysiologic testing were found to have exclusively
retrograde
ncrrsmry
pathway conduction,
Comparison or patients with and without recurrence (Table
2) . By univariate analysis, patients with recurrence had a
longer initial ablation session and required more radiofre-
quency applications to interrupt accessory pathway conduc-
don than did those without recurrence (p = 0.001 and 0.004,
respectively). Right free wall and anteroseptal accessory
pathways were significantly more frequent in patients with
return of accessory pathway function than in those without
(p = 0 .009).
The presence o
f
multiple accessory pathways was
also more commo n its the cohort
with recurrence (p = 0 .02) .
Patients with recurrence were younger, with a mean age of
29 ± 10 versus 3' ±
16 years in the group without recurrence
(p = 0 .06) . A possible or probable accessory pathway potential
was recorded at 79% of the effective sites in the group without
recovery of accessory pathway function and at 60%o of sites in
patients with recurrence
. This difference was of borderline
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'Two additiomd sax aais required .
'Accessory
pathways recurred with concealed conduct :on. ECG = electrocardiogram: EP = electrophysiolaic : F =
female : hl = male: PSVT = paroxysmal superventvcular tachycerdia . Pt = radiant .
significance (p
= 0
.09). Multivariate stepwise logistic regres-
sion revealed that the patient's age, the duration of the ablation
session and the location of the accessory pathway were inde-
pendent predictors of recurrence (p = 0.047, 0
.0035 and 0
.0072,
respectively) .
Table 2 . Comparison of Patients With and Without
Recurrence of Accessory Pathway Conduction After
Radiofrequency Catheter Ablation
AP= accessory pathway : RF = radiofrequency: other abbreviations as in
Table I .
Pt No .
Age tyrll
Gender
No of
Accessory
Pathways
Baseline Char sterisliss of the
Recurrent Pathway
Time to
Recurrence
Initial Manifestation
of Recurrence
Repeat
AblationConduction Location
Early Recurrence of Accessory Pathway Funcrion
I
27/F I Manifest Right 12 h ECG Successful
2 251M 2 Manifest Left IU I ECU Successful
3 26IM I Manifest Anteroseptal I I
I
ECU Not done
4 14/F
I
Manifest Anteroseptal 2 h ECG SuccesstaP
5 451F 1 Manifest Fa,teroseptal I It ECG Successful
6 15/F
I Manifest Right
I h ECG Successful
7
251M I
Manifest
I tf/ 5 h
ECU successful
Mean x SD 6T5h
Late Recurrence of Acces,ary Pathway F,rcIi,n
8 4NM
Concealed
Right 85 days EP test Successful
9 3&'M I Conrealed Lcft 68 days PSVT Successful
l0 3>JM I Concealed Lull 35 days PSVT Failed
II 38/F Manifest* Right 4 days PSVT Successful
12 151F I Manifest Right 7 days PSVT Successful
13 291M I Manifest Left 90 days ECG Successful
14 26/F I Manifests Anteroseptal 67 days PSVT Successful
i5 32/F I Concealed Left 106 days PSVT Successful
16
14/F 2 Concealed Right 14 days PSVT Successful'
Mean A SD 53 ± 396y,
Recurrence No Recurrence P Value
Age (yr) 29'- 10 37116 u .06
Gender (MIN 7/9 65/49 Hs
Struoluralheandorset 0116(0%) 81110(7%) NS
Multiple Alts 4116(25%) 81114 (7%) 0.02
Concealed AP conduction 5116(31%) 361114 (32%) NS
AP location
Right free wall
7116 (44%) 131114 (11%) 0.0009
Anteroseptal 2116113%) 31114(3%)
Posleroseplal 2)16113%) 191114(16%)
LeD free wall 5116(31%) 79/114169%)
AP potential present 9/15 (60%) 811102(79%) 0.09
No. of RF applications
14
0
8 7 v 7 0.004
Duration of ablation (min) I'3 n 76 65 x 58 0.001
Multiple sessionsrequired 2'16(13%) 10/11418%1 NS
for initial care
JACC Vol . 19.N,7
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Outcome of patients with accessory pathway recurrence .
Repeat ablation was attempted after accessory pathway
recurrence in 15 of the 16 patients . One patient with an
anteroseptal pathway in close proximity to the AV node had
recurrence of accessory pathway conduction after II h but
developed high grade AV block after 3 days . Although acces-
sory pathway conduction returned again after 2 .5 months. i t
was elected not to perform a second ablation session .
Fourteen of the 15 patients underwent successful repeat
accessory pathway ablation after the initial recurrence . After
a mean follow-up interval of 4 ± 3 months. there has been no
repeat recurrence of any of these accessory pathways . One
patient (Patient (3) had an unsuccessful second attempt at
ablation of a concealed left-sided accessory pathway and hrs
been treated with medication .
Discussion
Main findings. Accessory pathway conduction recovered
after initially successful radiofrequency catheter ablation in 16
(12%) of 130 patients . Return of accessory patnway sanction
occurred in the Ist 12 h after ablation in 5% of patients and
between 4 and 106 days in 7%
. Return of delta waves on the
ECG or spontaneous paroxysmal supraventricular tachycardia
was the initial indication of recurrence in 15 of the 16 patients
.
Patients with recurrence were younger and had a higher
incidence of multiple pathways than did those with persist-
ent elimination of accessory pathway function . Accessory
pathways ablated from the tricuspid anutus (right free wall or
septa] accessory pathways) had a much higher recurrence
rate (24%) than did those on the mitral anulus
(69e) . Recur-
rence was more likely if the initial ablation precedure was
difficult, as reflected by a significantly higher number of
radiofrequency applications, a longer procedure duration
and a lower likelihood of recording an accessory pathway
potential at the effective site .
Comparison with previousslttdies . In a study of long-term
results of high voltage direct current catheter ablation of
posteroseptal pathways. Morady et al. (6) noted a recurrence
of accessory pathway function in 11 (23%) of 48 patients
.
Warin et al . (7) reported recurrence in 10 (29%) of 35 patients
treated with high voltage shock ablation for accessory path-
ways in all locations
.
Physical differences between direct current and radiofre-
quency catheter ablation may account for the lower inci-
dence of recurrence in the present study . Direct current
ablation produces a shock wave as well as a very steep
voltage gradient at the electrode-tissue interface (8)
. The
barotraumatic effects of electrical discharge applied adjacent
to the accessory pathway may result in initial block, with
subsequent recovery of function after hours or days (9). In
contrast, radiofrequency catheter ablation causes tissue in-
jury solely through resistive heating (10). Lesions are rela-
tively small, with a sharp demarcation between a region of
dense necrosis and adjacent normal myocardium . The small
LINOBERO ET AL .
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size of the border zone of reversibly injured tissue may
explain the relatively lower frequency of recurrence with
radiofrequency catheter ablation of accessory pathways .
In the largest series (2) to date of patients with accessory
pathways treated with radiofrequency catheter ablation, 15
(9%r) of 166 patients had a recurrence of pre-excitation or AV
reentrant tachycardia I day to 4.7 months after the proce-
dute . .As in the current study . there was a disproportionately
higher incider,ce of recurrence among right-sided and septa)
pathways (14%) than among left-sided accessory pathways
(5%) . The high efficacy rate of a second ablation session seen
in the present study was also noted by Jackman et al . (2)t in
their saucy all 15 patients with recurrent accessory pathway
function had a successful second ablation session .
Predictors of recurrence. Twidale et al . (I I) recently per-
formed a detailed analysis of factors associated with recurrence
of accessory pathway conduction after radiofrequency catheter
ablation. They found that the absence of an accessory pathway
potential at the ablation site was predictive of recurrence .
Although there was a similar trend in the current study, it did
not achieve statistical significance . This difference may be the
result of the techniques used to identify accessory pathway
potentials . The functional definition used in the current study
may have resulled in misclassification of some ablation site
electrograms .
The different approaches used for ablation may account
for the disproportionately higher incidence of recurrence of
right-sided accessory pathways . Accessory pathways lo-
cated on the mitral anutus were ablated by positioning the
catheter between the mitral leaflet and the endocardium,
whereas right-sided accessory pathways were ablated with
the catheter positioned directly on the tricuspid eaulus .
Previous studies have shown that the size of lesions pro-
duced by radiofrequency energy is critically dependent on
the surface area of contact (12)_ contact pressure (13) and the
duration of current flow (14) at any given site . Ablation
catheters wedged between the mitral valve and the left
ventricle can be pressed firmly against the anulus with little
or no movement relative to the endocardium during the
cardiac cycle
. In contrast, ablation catheters are placed on
the tricuspid anulus with less contact pressure and may slide
relative to the endocardium as a result of cardiac or respira-
tory motion. This may result in diminished size and accuracy
of right-sided radiofrequency lesion formation, which in turn
would be expected to increase the risk of recurrent acces-
sory pathway function.
The younger age of patients with recurrence may reflect
the difficulty with catheter manipulation sometimes encoun-
tered in patients with a small heart . Alternatively, the
biologic properties of accessory pathways may differ in
young and older patients
. Accessory pathways may become
concealed or even resolve completely with time (15) . This
aging process might also make some accessory pathways
more amenable to catheter ablation .
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Clinical implications and recommendations for follow-up
study after radiofrequency catheter ablation . All of the early
recurrences in this cohort occurred between I and 12 h after
ablation. Thus, an overnight hospital stay with continuous
monitoring is likely to detect a majority of early recurrences
in patients with manifest pre-excitation. No additional recur-
rences were diagnosed in the 2nd 24 h after ablation . and no
new complications were noted during this period
(16) .
These
data suggest that I day of inpatient monitoring is adequate
for patients after successful and uncomplicated radiofre-
quency catheter ablation of an accessory pathway.
The yield of follow-up electrophysiologic testing at 2 days
and 3 months was extremely low, with only one positive test
in the cohort without recurrent tachycardia or pre-
excitation. Therefore, routine electrophysiologc testing in
asymptomatic patients after initially successful radiofre-
quency catheter ablation of an accessory pathway is pioba-
biy not warranted . Patients whose occupation or lifestyle
would make even a remote possibility of syncope unaccept-
able (for example, pilots and scuba divers) constitute an
exception to this recommendation .
Twu patients with a manifest accessory pathway Lad a
late recurrence with exclusively concealed accessory path-
way function, This intriguing observation suggests that the
absence of pre-excitation on a follow-up ECG does not
gusraptee that a successful outcome has been achieved .
Patients with recurrent palpitation after ablation should have
prompt clectrophysiologic testing, even if no delta waves are
seer, on the surface ECG .
The success rate of ablation after recurrence
(93%) is
comparable to that achieved at the initial session . Therefore .
return of accessory pathway function after an initial appar-
ently successful radiofrequency catheter ablation should not
be a contraindication to a repeat attempt .
We are grateful to Marion Maguire far preparing the manuscript .
JACC'Vo1 . 19 . No . 7
June 1992 :1588-92
References
I . Calkins H. Sauna 1 . EI-Atassi R . et al . Diagnosis and cure of the
WnIa-Parkinson-White syndrome or paroxysmal supraventriculer tachy-
cardias during a single eleclmphysiolagic test . N Engl 1 Med 1991 .724:
1612-8 .
2. Jackman WM . Wang X . Friday Kl, et al. Catheter ablation of accessory
alrioventricuhr pathways (Walfff-Parkinson-White syndrome) by radio-
frequency current. N Engl J Med 1991 ;324:1605-II .
3. Miles WM
. Klein LS Genng LE. e
t
al . Efficacy and safety of calheler
ablation using radiofrequency energy in patients with accessory pathways
(absal . J Am Coll Cardiol 1991 :I7:232A .
4. Lush MD. Van H ans OF . Oelra mp Dl . cl ot . C analive tadinrrr qersv yleFl
catheter ablation for acassury pathways in all locations (abstrl . PACE
1991 :14:670
.
5. LeitchI,KleinGJ .YeeR.elal .Invasiveelectrophysiologicevaluationof
patients with supraventriculor Iachyeoedis . Cardiol Clin 1990 ;8 :465-77 .
6. Morady F . Scheiuman MM . Koo WH. Long-term results of calheler
ablation of a posleroseplal accessory atrioventricular connection in 48
patients. Circulation 1989 ;79:1160-7n .
7. Warin IF, Haissaguerre M, Lemetayer P, e1 al . Catheter ablation of
accessory pathways with a direct approach: resoles in 35 patients .
Circulation 1988:78:800-15.
8. Scheinman MM. Catheter ablation for patients with cardiac arrhythmia, .
PACE 1986;9:551-64.
9. Cunningham D, Rowland E . Rickards RF. A new low energy source for
catheter ahlation. FACE 1966;9 :1364-90.
10 . Haincs DE. Watson DD. Tissue heating during radiofrequency catheter
ablation : a thermodynamic model and observations in isolated pedused
and superfused canine right venlncular free wall . PACE 1999
:12 :96-46
.
11 . Twidale N . Wang X. Beckman KJ. e t al. Factors associated with
a ofaccessory palhnay conduction after mdiofmqueney suIhe-
tor ablation. PACE 1991 :14:2042-8.
12 . Langberg 11. Lee MA. Chin MC. Radiafrequency catheter ablation : the
effect of electrode size ae lesion volume in viva . PACE 1999;13 :124-8.
13, Hoyl RH
. Huang SK
. Marcus FL et al . Factors influencing traoscarheter
radioliequency ablation of the myocardium. J Appl Cardiol 1966A :469-
86 .
14 . Wiukampf F. Have, R, Robles de Medina E . Control of radiofrequency
I-pa sis by power regulation . Circulation 1989;80:962-8,
15 . Klein GJ . Yee R . Sharma AD. Longitudinal elecaophysiologic assess-
ment or asymptomatie patients with the Wold-Parkinson-White ele,lr
,cardiogtephic pattern. N Ena I Med 19a9;320:1229-33 .
16 . Calkins HC . Langberg JJ. Sousa 1, et al. Radiafrequency, catheter
ablation of accessory AV connections in 250 paliems: an abbreviated
therapeutic approach to the WPW syndrome . Circulation (in press)
.
